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We, Metro-Cutantt Limited, of Grappen- 
hall, near Warrington, Lancashire, a British 
Company, do hereby declare the invention, for 
which we pray that a patent may be granted 
6 to us, and the method by which it is to be 
performed, to be particularly described in and 
by die following statement: — 

It is well known to use high melting point 
metals, metallic carbides, or graphite as 
materials for use in the manufacture of articles 
likely to be subjected to # high temperatures, 
and in particular as electric resistance heating 
elements. The metals of high melting point 
and graphite can only be used under a protec- 
tive atmosphere or under reducing conditions. 
Electric resistance elements of silicon carbide 
can be used in air in oxidising atmosphere. 
The use of protective atmospheres limits the 
application of the said resistance elements 
BO because the furnaces which they are employed 
to heat are rather complicated and the reduc- 
ing atmosphere is not always desirable. Heat- 
ing elements of silicon carbide have the dis- 
advantage that they are very brittle and, more- 
25 over, their resistance alters during use. 

It has also been proposed to make materials 
of high resistance against oxidation at elevated 
temperatures by covering the metal with 
metallic or non-metallic layers of a material of 
30 nigh resistance to oxidation. For example, 
attempts have been made to cover molyb- 
denum elements with ^l^imfTn^yn -y H c^n 
sheaths, which are transformed by subsequent 
oxidation to siUimanite sheaths. Electric 
35 resistance heating elements made in mis 
manner have the disadvantage that if a crack 
appears in the covering layer the metal element 
is quickly burnt through and becomes unser- 
viceable. Another proposal is to use metal 
40 suicides for covering high melting metals. 
These heating elements have the same dis- 
advantage as mentioned above, namely that 
the hearing element becomes unserviceable if 
a crack occurs in the cover. 

The invention makes use of the fact that 
materials which contain molybdenum silicon 
and aluminium have high mechanical strength 
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and oxidation resistance at elevated tempera- 
tures without a protective atmosphere; more- 
over, even in an oxidising atmosphere they -50 
have surprisingly long life. 

Thus, according to the invention, a high 
temperature electric resistance heating element 
is formed of a metallic composition having a 
high mechanical strength and high resistance 55 
to oxidation at a high temperature, and con- 
sisting of molybdenum with silicon and alumi- 
nium in the proportions of 50—84%, 15— 
48%, and 1 — 35% respectively, by weight. 

With a view to increasing the electrical 60 
resistivity of the metallic composition of which 
the heating element is formed, it is desirable 
to add thereto one or more of the substances 
zirconia, thoria, alumina, and beryllia, in the 
proportions of from 20 to 30% by weight of £5 
the whole. 

The methods of producing heating elements 
according to the invention are numerous. It 
is possible to make tubes or extruded sections 
by casting, but better still, by powder metal- 70 
lurgical methods, that is by extrusion of pow- 
ders under pressure, and sintering, if neces- 
sary, with higher pressure. But it is also pos- 
sible to make a skeleton body, for example, 
one of molydenum, molydenum-silicon or of 75 
molybdenum-aluminium alloys which are sub- 
sequently infiltrated with an aluminium silicon 
alloy. A preferred method is to mix intimately 
a molybdenum di-silicide in powdered form 
with a molybdenum aluminide and then the go 
mixed powders are made into a paste with a 
plasticiser, which paste after formation into 
the desired shape is consolidated by heating to 
sintering temperature. 

To produce tire material for forming the 85 
heating element with a basis of molybdenum 
silicide and molybdenum aluininide, a molyb- 
denum di-silicide obtained by fusion is crushed 
to fine powder and mixed with about 5% of 
molybdenum aluminide. The mixture, 90 
together with plasticising material, is extruded 
red hot. Then the heating element is pre-sin- 
tered at a temperature of from 1100 C to 
1200° C followed by sintering at higher tem- 
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perature in vacuum, under a reducing or an and aluminium oxide and beryllium oxide, 

oxidising atmosphere, the heating being con- which are non-conductors at Mgh tempera- 

veniently provided by current flowing through tures. This is explained in the following, 
the material itself. Before using these materials, 

5 it is recommended in any case in order to build Example 2. 

up a gas tight and closely adhereing cover, to A mixture of 60% molybdenum silicide, 50 

heat the heating elements in an oxidising atmo- 10% molybdenum alpninide and 30% zir- 

sphere. This is especially important when the conium oxide is filled into a plain mould made 

sintering has been carried out in a non-oxidis- of graphite with a cylindrical recess. This 

10 ing atmosphere, In this way a cover similar to mould is put into a hot press and after heating 

quartz glass is built up which is extremely to 1400° GHk pressed at about 150—200 kgs. 55 

adherent and gas right This cover does not per sq. centimetre- The heating of the die may 

allow any degree of oxidation of the bulk be done by high frequency or by resistance 

material even after several hours at 1350— heating through the graphite punches. 

15 1600° C. It is found that the cover contains " What we claim is: — 

aluminium oxide (coming from the alummide) 1. A high temperature electric resistance 60; 

and lower oxides of molybdenum, heating element formed of a metallic composi- 

The following example shows the advantage tion consisting of molybdenum with silicon 

of higher aluminium oxide containing covers and aluminium in the proportions of 50— 

20 as being more of the mullite or sillimanite 84%, 15 to 48%, and 1 to 35% respectively, 

character. hy weight \ 66 

EXAMPLE 1. 2. A high temperature electric resistance 

70 parts of molybdenum silicide and 30 heating element according to claim 1, in which 

parts of molybdenum aluminide (approxi- the composition includes one or more of the 

25 mately Mo Al s ) are mixed and pressed substances zirconia, thoria, alumina, or 

hydraulically in a plastic state to form a berylHa, in the proportions of between 20 and 70 

tubular electric resistance heating element. 30% by weight of the whole. 

The pressed tube is pre-sintered in carbon di- 3. The method of making an electric resist- 

oxide at 1200° C. and the fin al sintering is ance heating element according to claim 1, in 

30 carried out at 1600° C by passing current which a molybdenum di-silidde in powdered 

through it Before the final sintering it is form is intimately mixed with a molybdenum 76 

desirable to put on the pressed tube thicker duminide powder, and the mixed powders are 

end pieces, conveniently in the form of tubes made into paste with a plasticiser to appropri- 

so that they become consolidated with the ate form which is finally consolidated by 

35 heating tube proper in the final sintering. sintering. # , 

■rhe electrical conductivity of the material 4. An electric resistance heating element 80 
on the smade-aluminide base is comparatively formed of metallic compositions having a high 
high for use as a heating element Therefore, mechanical strength and high resistance to 
only rods or tubes of rhin cross section can be oxidation at high temperature, when made in 
46 used. But it may be advisable to add high accordance with either of the hereinbefore- 
melting point oxides to the material in order to mentioned examples. 85 
increase the resistance. These oxides should _ J. W. RIDDING, 
not react with the other material. Suitable Chartered Patent Agent, j 
oxides are zirconium oxide and thorium oxide, 162, Shaftesbury Avenue, London, W.C.2, I 
45 which are conductors at high temperatures, Agent for the Applicants. j 

I^amington Sd* : Printed for Her Majesty's Stationery Office, by the Courier Press.— 1955. j 
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which 

copies may be obtained. j 
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